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The interpretation of the origin of the light scattering anomalies near the transition from incom- 
mensurate (IC) to the a-phase of quartz by Dolino et al. (Phys. Rev. Lett. 94, 155701 (2005)) is 
commented. It is shown that the observed IC structure is a pure transverse acoustic (TA) modu- 
lation without any soft optic mode component. Such a modulation cannot be responsible for the 
observed light scattering contrary to the interpretation by Dolino et al. 
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The present paper is a comment on the interpreta- 
tion by Dolino et al. 1 of their recent observations in 
quartz. In the pape»A>, from the diffraction experiment 
using synchrotron radiation, the authors showed that the 
incommensurate (IC) modulation wavevector in quartz 
becomes extremely small in the region of the sample close 
to the boundary between the IC phase and the a- phase. 
In this region, where the two phases coexist in the same 
sample, very intense light scattering is observed^ There- 
fore, it is very important to consider how the intense light 
scattering is related to the reported extraordinary long 
period modulation. 

In the following, we show that (i) the observed long- 
period IC modulation in quartz is a pure transversal 
acoustic (TA) modulation, including neither longitudi- 
nal acoustic (LA) component nor the optic mode com- 
ponent, (ii) A long-period acoustic modulation cannot 
appear spontaneously as a result of the IC phase tran- 
sition associated with the acoustic mode softening, and 
the mechanism of its formation should be understood, 
(iii) Such a modulation cannot be at the origin of any 
observed light scattering anomalies contrary to the inter- 
pretation by Dolino et aZi 

The consideration below is mainly based on the obser- 
vations by Dolino et al. 3 of the IC satellite reflections in 
the elastic neutron diffraction, and their expected evolv- 
ing in view of the recent observations in the synchrotron 
radiation 1 . As observed (see Fig. 1), near the Bragg 
reflections (100), (200) ...the satellites, corresponding 
to the IC vector k parallel to the main Bragg reflection 
vector (100), are systematically absent, i.e. four satel- 
lites are observed instead of six. Similar observations 
by Gouhara and Kato££ brought them to a conclusion, 
that the IC modulation in quartz is mainly of an acous- 
tic character, with a small (of about 0.1 fraction) optical 
atomic displacements component. The analysis carried 
out by the present authors^, based on the comparison 
of the IC satellites near the (100) and (lOm)-type Bragg 
reflections, showed that the IC modulation in quartz is 
a pure TA modulation, including, as one of its compo- 



nents, the transversal u z -displacements. The contribu- 
tion of the TA ^-displacements to the diffraction was 
interpreted by Gouhara and Kato^ as that from a small 
optical component. The existence of ^-displacements 
was also demonstrated by the recent MD calculations. 8 
Below we bring new arguments, unambiguously demon- 
strating the TA character of the IC modulation in quartz. 
However, contribution of a long-period acoustic modu- 
lation to the dielectric constant's components (i.e. to 
the light scattering) is proportional to the square of the 
IC wavevector, and therefore it must be negligibly small 
for the small IC modulation vectors observed in quartz 
(k < 0.03a* and decreases on cooling, according to the 
recent observations^, down to 0.002a*). 

We show that in the case if the IC modulation contains 
an optic mode displacements component, an intense IC 
satellite reflections should necessarily appear in the po- 
sitions of the missing satellites (in paricular, near (300) 
in Fig. 1). 

Let us assume that the IC modulation in quartz, how- 
ever, contains an optical component. In such a case, the 
long-period triple-fc IC modulation of the quartz's a <-> (3 
transition parameter rj necessarily should induce a longi- 
tudinal acoustic (LA) modulation with a large amplitude 
tt;o ■ The amplitude uio of such LA modulation should be 
of the same order of magnitude as that for the 77- mod- 
ulation for the IC vectors k 0.03a*, and for the IC 
vectors k ss 0.002a* (near the transition to the a-phase) 
it should increase up to ~ 10 times (the corresponding 
diffraction satellites should grow in intensity up to ~ 10 2 
times). As a result, six intense IC satellites should be in- 
duced by the LA modulation instead of the four satellites 
near any (100) reflection. 

The clastic strain dependent part of the quartz's ther- 
modynamic potential is of the former 
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FIG. 1: IC satellite reflections observed near the main Bragg reflections G=(022) and (300) by Dolino et al-. The two missing 
satellites along the vector G=(300), which is parallel to the IC vector k (i.e. along the a* axis), make an evidence that the 
acoustic displacements in the IC wave are perpendicular to the G-vector, and the optic displacements along with the LA 
displacements are zero in the IC structure. As shown in the present paper, the missing satellites should be observed as the 
most intensive among the six satellites near the transition to the a-phase, if the interpretation by Dolino et aim is acceptable. 
The satellites along the a* axis near (022)-reflection are the contribution from the z-component of IC displacements wave of 
the TA type, since the contribution of the optical displacements to these positions is zeroi On the right part, the acoustic 
displacements with respect to the crystal's coordinate axes are depicted. 



some coefficients of expansion, which are of an atomic or- 
der of magnitude. For the triple-A; IC optical modulation 

rj(R) = r)o cos(kR+<^)+?7o cos(kiR+^i)+?7o cos(k 2 R+(p2) 

with k + ki + k.2 = 0, and for the acoustic displacements 
vector u = U; + u t , presented as the sum of the lon- 
gitudinal U/ (along the IC vector k) and transversal u t 
displacements, one can minimize Eq. (1) with respect to 
u/, and obtain an equilibrium LA modulation wave: 

u ; = u/o sin(kR + ipi + (p 2 ) + u' l0 cos(kR + cp), 

with the amplitudes 

2rrjQ . arj cos 3(f) 
uio = r and u m = , 

CllK Cn 

where <f> is the angle between the x axis and the IC vec- 
tor k. In the observed IC structure the angle </> is close 
to 7r/6, and therefore the corresponding amplitude u' l0 
is close to zero and generally neglected. An identical 
LA IC amplitudes must exist for all the six wavevectors 
±k, ±ki and ±k2. 

Taking into account that the IC wavevector in quartz 
is very small, and it decreases on cooling from 0.03a* (as 
in Fig. 1) down to 0.002a* (according to the recent pub- 
lication by Dolinoi), one can see the enormous increase 
of LA modulation's amplitude uiq (see the k vector in the 
denominator) . 

The physical reason of the large LA amplitude is very 
plain. Formation of a long-period acoustic modulation 



requires a very small energy (this energy is proportional 
to k 2 , and is tending to zero with k — » 0). Though the 
acoustic-optic coupling term r) 2 uu in Eq. (1) is rather 
small, however it is sufficient for inducing an enormous 
LA amplitude for the small k-s. 

For calculation of the X-ray diffraction scattering am- 
plitude, induced by the IC wave, one should expand the 
crystals density function as: 

F G exp[iG(R + u)] « F G exp[iGR] + 
iFb(Gu )exp[i(G±k)R], (2) 

where F G is the structure factor, corresponding to the G- 
Bragg reflection, Uo is the amplitude of the IC acoustic 
modulation u(R), and the scalar product (Gu ) = ui G 
for the case, when vector G is parallel to the IC vector k 
(as for the case of the missing satellites in Fig. 1). The 
first term in Eq. (2) gives diffraction to the main Bragg 
reflection G with intensity ~ |i*b| 2 . The second term 
gives the acoustic modulation's contribution to the satel- 
lite reflections G ± k with intensity ~ li^Guo)! 2 . For 
the case of G || k, this intensity takes the form \FqGuiq\ 2 , 
and it extremely increases with k — > 0, since, as shown 
above, uiq increases as 1/k. 

For the case k = 0.03a*, it is easy to estimate that the 
satellite intensity induced by uiq and contributing to the 
position of the missing satellites in Fig. 1 should be of 
the same order of magnitude as any intensity, induced by 
the optical 77-atomic displacements. Note that the satel- 
lite intensity contributed from the optical component is 
~ \FcGi]o\ 2 . In the vicinity of IK of the phase transi- 
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tion, the optical amplitude 770 ~ lO~ 2 Vat, where r\ a t is of 
an atomic order of magnitude, k ~ 10 _2 a*, and subse- 
quently, uio and 770 are of the same order of magnitude. 
For the smaller IC vectors k « 0.002a*, uio is larger than 
770 about ~ 10 times, and the ratio of the correspond- 
ing intensities should make ~ 10 2 . In other words, for 
k < 0.03a* six reflections of about the same intensity in 
Fig. 1 should be observed. And besides, since the scalar 
product (Guo) in Eq. (2) is maximal for the case when 
G and k are parallel, the intensity of the G ± k satel- 
lites should be larger, than the intensity of the G ± ki 
and G ± k2 satellites. In other words, the missing satel- 
lites in Fig. 1 should be detected as the most intensive, 
compared with four other satellites near (100). 

The only explanation of the systematic observation of 
four satellites near the (100) type Bragg reflections is the 
TA character of the IC modulation, without optical and 
LA components, since otherwise, any optical component 
in the triple-k modulation necessarily induces a strong 
LA component, which will contribute to the positions of 
the missing satellites. 

The TA IC structure, which, in fact, exists in quartz, 
cannot noticeably contribute to the light scattering 
anomalies, since its effect on the dielectric constant £,j 
is proportional to u^, y (i.e. to a very small parameter 
k 2 ), while the light scattering anomalies are observed 
just when k — ► 0. So, we do not agree with the inter- 
pretation of the light scattering anomalies in quartz by 
Dolino et aim, attributed to the observed IC modulation. 
Neither the domains of the IC structure (the adjacent do- 
mains with different values of k in the small-angle scat- 
tering zone A) , nor the Dauphine twins observed in the 
"fog zone" can be responsible for the light scattering in 
quartz. The latter was discussed in detail and estimated 
by the present authors earlier—, where the origin of the 



intense light scattering was attributed to the ferroelastic 
domains. The arguments given above completely contra- 
dict the observations and reject the traditional model for 
the IC transition adopted by Dolino et aim. 

Finally we introduce another argument, supporting the 
above discussion. As it follows from the symmetry, in 
case of the triple- fc IC optical modulation, the dielectric 
constant's components Ae xx , Ae ra , Ae zz are propor- 
tional to ~ t]q sin(kR + fi + ipz). Since the magnitude 
of the IC vector k decreases down to 0.002a*, then the 
light of 500nm or smaller wavelength (i.e. with wavevec- 
tor > 0.001a*), should diffract in back-direction (or close 
to it) in such IC modulation. Such a feature, which can 
be visually detected, is not observed in quartz. This fact 
also proves, that the LA modulation (and subsequently 
an optical modulation), which directly follows from the 
traditional model used by Dolino et aim, does not exist 
in the IC phase of quartz. 

It should be mentioned that a long-period acoustic 
modulation cannot appear spontaneously, as a result of 
the IC phase transition, associated with the acoustic 
mode softening. Such a mode softening would have a 
lot of consequences, including a significant drop in the 
elastic constant Cqq, which have never been observed in 
quartz—* One may assume that some latent (driving) 
phase transition takes place in quartz near the a <-> (3 
transition, and the observed acoustic modulation is only 
a manifestation of this hidden transition. However, a 
pure TA character of the IC modulation in quartz was 
sufficiently simply and reliably demonstrated also in the 
earlier consideration 7 , based on the different arguments. 
So, it cannot be ignored, and understanding of its origin 
is of a priority importance in the quartz's phase transi- 
tion problem. 
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